Objective To describe the number and proportion of eligible women receiving mammograms funded by the National Breast and Cervical Cancer Early Detection Program (NBCCEDP). Methods Low-income, uninsured, and underinsured women aged 40-64 are eligible for mammography screening through the NBCCEDP. We used data from the NBCCEDP, the Current Population Survey, and Medical Expenditure Panel Survey to describe the number and proportion of women screened by the NBCCEDP and overall. Results In 2011 and 2012, the NBCCEDP screened 549,043 women aged 40-64, an estimated 10.6 % (90 % confidence interval [CI] 10.4-10.9 %) of the eligible population. We estimate that 30.6 % (90 % CI 26.4-34.8 %) of eligible women aged 40-64 were screened outside the NBCCEDP, and 58.8 % (90 % CI 54.6-63.0 %) were not screened. The proportion of eligible women screened by the NBCCEDP varied across states, with an estimated range of 3.2 % (90 % CI 2.9-3.5 %) to 52.8 % (90 % CI 36.1-69.6 %) and a median of 13.7 % (90 % CI 11.0-16.4 %). The estimated proportion of eligible women aged 40-64 who received mammograms through the NBCCEDP was relatively constant over time, 11.1 % (90 % CI 10.2-11.9 %) in 1998-1999 and 10.6 % (90 % CI 10.4-11.9 %) in 2011-2012 (p = 0.23), even as the number of women screened increased from 343,692 to 549,043. Conclusions Although the NBCCEDP provided screening services to over a half million low-income uninsured women for mammography, it served a small percentage of those eligible. The majority of low-income, uninsured women were not screened.
Introduction
In 2009, the United States Preventive Services Task Force recommended that women aged 50-74 receive biennial mammograms [1] . However, lack of insurance coverage often serves as a barrier to women getting mammograms. Studies have shown that uninsured women are less likely to be screened [2, 3] . For example, in 2008, Oregon used a lottery to select uninsured, low-income adults off a waiting list for Medicaid coverage. Women randomly assigned to no insurance versus Medicaid coverage were 60 % less likely to have a mammogram [4] . Among those who have insurance coverage, there are still barriers to getting screened. Even small copayments have a large, negative effect on the proportion of women screened [5] .
The US Congress passed the Breast and Cervical Cancer Mortality Prevention Act of 1990 (Public Law 101-354) to provide breast and cervical cancer screening services to A detailed description of the history of the NBCCEDP is provided in a forthcoming paper [6] .
The NBCCEDP provides both breast cancer screening services to low-income, uninsured women aged 40-64 and cervical cancer screening services to low-income, uninsured women aged 21-64. Most women older than 64 have coverage for screening through Medicare. (Estimates of program reach for cervical cancer screening are reported elsewhere in this monograph-Tangka et al. [7] .) Although women aged 40-64 are eligible for breast cancer screening, NBCCEDP performance standards state that at least 75 % of federally funded mammograms be provided to the priority population of women aged 50 and older.
Previously, Tangka et al. [8] described the number of women screened for breast cancer by the NBCCEDP, the number of women eligible for screening services, and the proportion of eligible women screened by race/ethnicity and state. They found that the NBCCEDP screened 13.2 % (90 % CI 12.5-13.9) of eligible women 40-64 years old in [2002] [2003] . The NBCCEDP screened 16.4 % (90 % CI 14.7-18.1) of eligible Hispanic women, 10.4 % (90 % CI 9.2-11.6) of eligible non-Hispanic black women, and 11.2 % (90 % CI 10.4-12.0) of non-Hispanic white women. These types of data are useful for understanding the reach of the NBCCEDP and identifying populations that could benefit from better access to screening services. The objective of this study is to update Tangka et al. 's 2002-2003 analysis using data for 2011-2012. In addition, we expanded this analysis by describing trends in the numbers of women screened, the number of eligible women, and the proportion of eligible women screened from 1998 to 2012. The data do not permit us to distinguish between mammograms provided for purposes of screening versus diagnosis or follow-up of suspicious results. In keeping with standard NBCCEDP terminology and the primary purpose of the NBCCEDP program, we refer to the ''number of women screened'' and ''screening rates.'' However, we recognize that we are using these terms more broadly than they are used in clinical settings.
Methods Eligibility
Women aged 40-64 who do not have health insurance or whose insurance does not cover mammography screening are eligible for breast cancer screening through the NBCCEDP if their family incomes fall below state-specific income thresholds, which vary between 185 and 250 % of the federal poverty level. The federal poverty level was $23,850 for a family of four in 2013 in the 48 contiguous states [9] . We used the 1998-2012 Annual Social and Economic Supplement to the Current Population Survey (CPS ASEC) conducted by the US Census Bureau to measure the number of eligible women by state, based on the federal poverty level selected by each state grantee. The Current Population Survey is a monthly national survey undertaken primarily to determine the characteristics of the labor force of the US civilian non-institutional population [10] . About 75,000 of the households participating in the Current Population Survey are included in the Annual Social and Economic Supplement. Respondents are asked a set of supplementary questions about health insurance coverage, income, and place of residence during the previous year [11] . The methods used to collect and report Current Population Survey and Annual Social and Economic Supplement data have been described previously [12] . We counted a woman as eligible if she was between the ages of 40 and 64, was uninsured, and had a family income at or below her state's income eligibility threshold. Respondents were considered uninsured if they were not covered by any type of private or government health insurance for the entire previous year [10] .
Questions about age, family size, sex, race, and Hispanic origin were included in the basic Current Population Survey. Respondents were asked to identify their race by selecting one or more options from a list. Separately, respondents were asked about Hispanic origin. Following Census Bureau convention, we categorized women who reported that they were of Hispanic origin as Hispanic regardless of race. We categorized the remaining women, who were non-Hispanic, into one of the following racial groups: white, black, American Indian/Alaska Native, or Asian/Native Hawaiian/other Pacific Islander. We estimated the number of women eligible for the NBCCEDP by race and ethnicity (Hispanic origin) at the national level from CPS ASEC using Census Bureau methods [13] .
Screening by the NBCCEDP
Data on the number of women screened by the NBCCEDP were obtained from data collected from NBCCEDP grantees (states, territories, and American Indian/Alaska Native organizations). Grantees collect income, family size, and insurance information to determine eligibility and collect and report to CDC standardized screening information on each encounter. These data include demographic characteristics, service dates, test performed, test results, and outcomes. Demographic data are self-reported. Reporting of race and Hispanic origin is optional. The structure of the NBCCEDP and methods for collecting and reporting data have been described in a Morbidity and Mortality Weekly Report paper [6] .
We report the number of women screened by NBCCEDP over overlapping 2-year periods and the proportion of women screened. The number of women screened and the proportion of women screened were calculated independently for each 2-year period in accordance with current United States Preventive Services Task Forcerecommended screening intervals [1] . We calculated the proportion of eligible women screened by NBCCEDP using the 2-year count from NBCCEDP as the numerator and the CPS 2-year estimate of eligible population as the denominator.
Screening outside the NBCCEDP
We used the Household Component of the Agency for Healthcare Research and Quality's Medical Expenditure Panel Survey (MEPS) to measure the proportion of women receiving mammograms in the eligible population. MEPS uses a 2-year overlapping panel design. The MEPS sample is drawn from the previous year's National Health Interview Survey sample and is designed to be representative of the civilian, non-institutionalized population. Respondents are interviewed five times over a two and a half-year period. Response rates vary by year and survey round but are approximately 60 % for the first round interviews. Respondents are asked ''When did (PERSON) have (PER-SON)'s most recent mammogram?'' and are provided with a short, non-technical description of a mammogram if necessary. Response categories include a range of 1-5 years, ''more than 5 years,'' and ''never.'' The proportion of women screened calculated using MEPS closely matches the proportion calculated from the Health and Retirement Study but is higher than the proportion calculated using insurance claims [14] . Using the 2011 MEPS, we calculated the proportion of women aged 40-64 who were uninsured for the entire year, lived in households with incomes below 250 % of the federal poverty level, and reported having received a mammogram in the past 2 years. We applied sample weights to produce nationally representative estimates. We calculated the proportion of women having been screened outside the NBCCEDP by subtracting the proportion screened by the NBCCEDP from the proportion of the eligible population screened that we estimated using MEPS.
Data analysis
We report the number of women eligible for NBCCEDP screening, the number of women screened by the NBCCEDP, and the percentage of eligible women screened by the NBCCEDP by race and ethnicity group, age-group (40-64 and 50-64), year, and state. State designation is based on the woman's residence rather than the grantee program providing the service, and the state percentages include the screening data from American Indian/Alaska Native grantees. We report the number of women eligible and the proportion of women in the population who are eligible in each state. In compliance with the NBCCEDP data use agreement, grantee-and state-specific reports of the number and proportion of women screened are deidentified.
Screening totals and proportions based on NBCCEDP data represent mammograms provided with NBCCEDP funds. There was one state that included mammograms paid for by state appropriations in its reports of NBCCEDP-funded mammograms over the period from 2002 to 2006. The state discontinued this reporting approach in 2006. While the combined data may better represent results of publicly funded screening for low-income uninsured women, this paper is limited NBCCEDP-funded services. Lacking these data for the period 2002-2006, we used linear interpolation to estimate the number of women screened by NBCCEDP and the proportion of eligible women screened by NBCCEDP over this period.
Estimates of the number of women eligible are based on a random sample of the population and are thus subject to sampling error. Estimates of variance for estimates of the number of women eligible and the proportion of eligible women screened in the US population account for the complex survey design of the CPS ASEC [11] and MEPS [15] . Methods for computing confidence intervals for the estimates of the eligible population have been described previously [8] . Consistent with Census Bureau convention, we report 90 % confidence intervals for estimates of the eligible population and the percent of the eligible population who received mammograms through the NBCCEDP. Confidence intervals for the proportion of women screened outside the NBCCEDP account for uncertainty in the estimate of the proportion of women screened by the NBCCEDP and uncertainty in the estimate of the proportion of eligible women screened overall (from MEPS). We Cancer Causes Control (2015) 26:657-668 659 use t tests to assess the significance of differences in the proportion of women screened between periods, assuming independent variances. We treated the number of eligible women screened by the NBCCEDP as an exact count with no error. We estimated least-squares regressions where yearly counts of the number of women screened, counts of the number of eligible women, and the proportion of eligible women screened were dependent variables and the independent variable was year (a continuous variable running from 1999 to 2012) to assess the significance of trends.
Results
The Table 1 reports the number of women eligible for NBCCEDP screening and the number and proportion of these women who received mammograms through the NBCCEDP by race and ethnicity. Among women aged 40-64, the estimated proportion of women eligible ranged from 6.7 % (90 % CI 6.4-7.0 %) among non-Hispanic white women to 22.4 % (90 % CI 21.4-23.4 %) among Hispanic women. The estimated proportion of eligible women screened ranged from 8.7 % (90 % CI 8.4-9.1 %) among Hispanic women to 33.1 % (90 % CI 25.8-40.3 %) of American Indians and Alaska Natives. Among women aged 50-64, the estimated proportion of women eligible ranged from 6.2 % (90 % CI 5.8-6.6 %) among non-Hispanic white women to 19.9 % (90 % CI 18.5-21.3 %) among Hispanic women. The estimated proportion of eligible women screened ranged from 15.8 % (90 % CI 14.9-16.6 %) among non-Hispanic white women to more than half of American Indians and Alaska Natives. Table 2 reports the number and proportion of women eligible by state. Figure 2 Table 3 reports the number of women eligible for screening and the number and proportion of eligible women screened by period and by age-group. Differences in the proportions of eligible women who were screened by NBCCEDP between 1998-1999 and 2011-2012 were not statistically significant in either age-group (p = 0.23 for women aged 40-64 and p = 0.44 for women aged 50-64). 
Discussion
We estimated that the NBCCEDP screened about 10.6 % (90 % CI 10.4-10.9 %) of eligible women aged 40-64 for breast screening in 2011-2012. An estimated 30.6 % (90 % CI 26.4-34.8 %) of eligible women aged 40-64 are screened outside NBCCEDP, leaving around 58.8 % (90 % CI 54.6-63.0 %) of eligible women not screened with a 2-year period. The comparable figure from the Center for Disease Control and Prevention's Health, United States, 2013 report, which was calculated using the 2010 National Health Interview Survey, is 64 % (see Table 83 [16]). Health, United States, 2013 reports that 24.4 % of women aged 40-64 with private insurance were not screened and 35.6 % of women aged 40-64 with Medicaid were not screened. Screening under the NBCCEDP yields an estimated benefit of 0.056 life years per women screened, and women who are not screened forgo this benefit [17] .
The proportion of women screened may vary across grantees because of differences in funding, the costs of delivering, and grantee-specific eligibility criteria and the characteristics of eligible women. Some grantees supplement CDC funds with funds allocated from the state budget, and funding from the CDC to grantees is not directly tied to the number of eligible women. Thus, the number of grant dollars per eligible woman varies across states. The cost of delivery, which includes the cost of transportation and the cost of mammograms, may also vary across states. Eligibility criteria influence screening rates via their impact on the composition of the pool of eligible women. For example, the types of women who are eligible will differ between states that include women with incomes up to 200 % of the poverty level and states that include women with incomes up to 250 % of the poverty level. Differences in the propensity to be screened between women with incomes below and above 200 % of the poverty level may explain some of the differences in state-level screening rates. Likewise, many grantees start routine breast screening in women age 50 and older but offer services to symptomatic women at any age. The population of NBCCEDP-eligible women in a state with broader Medicaid coverage criteria may include a higher proportion of women with incomes between 100 and 250 % of the poverty level because those below have coverage for mammograms through Medicaid.
We estimated the number of women eligible for NBCCEDP screening and the number of eligible women screened outside of the NBCCEDP by applying eligibility criteria to the Annual Social and Economic Supplement and the Medical Expenditure Panel Survey. We expect that these figures are measured with error [18] . Survey respondents may misreport their incomes and insurance status, and estimates are subject to non-response bias. Restricting attention to women uninsured for the entire year overlooks women who are uninsured for only a part of the year and would be eligible for the NBCCEDP while they are uninsured. Likewise, there is a mismatch in the period over which we measured the receipt of a mammogram in the Medical Expenditure Panel Survey (2 years) and the period over which we measured insurance coverage (1 year). Some women we counted as eligible may have been insured when they received a mammogram. For this reason, our estimates of the proportion of eligible women who received a mammogram outside the NBCCEDP may be overstated.
In many states, only women with incomes below 200 % of the poverty level are eligible for NBCCEDP-funded mammograms. Our estimate of the proportion of women who are screened outside the NBCCEDP and women who are not screened is based on a sample that includes women with incomes below 250 % of the poverty level. Our estimates may look different if we restricted the sample to women with incomes below 200 % of the poverty level. We suspect that fewer would receive mammograms outside the NBCCEDP. We do not know how many women have low incomes and are underinsured (i.e., in plans that do not cover mammography) and thus eligible for services. For this reason, we may underestimate the proportion of women eligible.
Our study builds on the work of Tangka et al. [8] , who described the number of women eligible for screening through the NBCCEDP and the proportion screened for the period 2002-2003. They reported that the NBCCEDP screened 529,000 women aged 40-64, 13.2 % (90 % CI 12.5-13.9) of the eligible population. We found that in 2011-2012, the NBCCEDP screened more women, 549 thousand, but the estimated proportion of eligible women screened by NBCCEDP was lower, 10.6 % (90 % CI 10.4-10.9 %). Increases in the number of women eligible for the NBCCEDP have exceeded increases in the capacity and funding of NBCCEDP and its grantees to provide mammograms.
In 2009, the United States Preventive Services Task Force issued new breast cancer screening recommendations [1] . The major change from the previous version was that the Task Force no longer recommended that women aged 40-49 be routinely screened for breast cancer. Previous studies have found that there was a small [19] [20] [21] or no [22] decrease in the proportion of women screened in this age-group after 2009. We did not specifically measure the proportion of women screened who were aged 40-49. However, comparing trends in the proportion of women screened among women 40-64 and 50-64, it does not appear as if the Task Force recommendation had much, if any, impact on the proportion of women screened by NBCCEDP. NBCCEDP established a policy in 1996 to prioritize mammography for women 50 years of age or older, and this age-group has been the priority of the NBCCEDP since that time [3] . The proportion of women aged 40-49 screened by NBCCEDP is sufficiently small that it is difficult to detect an impact of the revised 2009 USPSTF recommendation, if any. Many of the women aged 40-49 screened by NBCCEDP grantees are symptomatic [23] , and so we would not necessarily expect to see a decline in the proportion screened.
Our data predate many of the major insurance coverage expansions under the Affordable Care Act. Previously, Levy et al. [24] estimated that there will be 1.7 million low-income uninsured women aged 40-64 who remain eligible for the NBCCEDP in 2014 after implementation of the Affordable Care Act's major insurance expansion provisions. They conclude that the NBCCEDP ''will still only be able to meet the needs of one-fifth to one-third of those eligible.'' Levy et al. assumed that coverage expansions under the Affordable Care Act would mirror the expansions that occurred in Massachusetts after it implemented its reform in 2006. They also assumed that all states would expand Medicaid. In April 2014, the Congressional Budget Office projected that 30 million non-elderly adults will be uninsured in 2016 and beyond given what was known about states' expansion of Medicaid at the time [25] . Twenty-three states have not yet expanded Medicaid. There are roughly 5 million uninsured adults in these states who do not qualify for Medicaid (under the pre-Affordable Care Act policies that remain in place) but do not earn enough to receive subsidies to buy insurance on the Health Insurance Marketplaces [26] . The number of uninsured women will increase if the Supreme Court rules that the Affordable Care Act prohibits the federal government for providing subsidies to people who buy insurance through federally operated exchanges (as opposed to statebased exchanges). Either way, we expect that the number of uninsured will continue to outpace the capacity of the NBCCEDP to provide cancer screenings. 
